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In a wide variety of glass products, the strength, toughness and surface hardness are very important. Generally, there are inevitably many defects on a glass surface, as micro cracks, break-down of chemical bonds and brittle fractures generated from surface defects under loading [1] [2] [3] [4] . Consequently, surface coating becomes important to improve mechanical, optical and chemical properties of glass products.
The technology of thin films coatings on glass was developed in the early 1970s in order to reduce sunlight transmission in buildings. [4] [5] [6] . Thin films of metal oxides and metal nitrides have been used in many applications including solar energy devices, catalytic and photo catalytic processes, light emitting devices, fuel cells, etc [7] [8] [9] [10] [11] [12] . In recent years, silicon oxynitride thin films have attracted much attention, because of their versatile properties. Silicon oxynitride is a promising material system for the development of optics, photonics and microelectronics applications, including waveguide devices, anti-reflection coating, nonvolatile memories and gate dielectrics [13] [14] [15] [16] [17] . One of the benefits of silicon oxynitride (SiO x N y ) thin films is the possibility to tailor the chemical and physical properties by altering the amounts of oxygen and nitrogen in the material. SiO x N y thin films with varying oxygen and nitrogen ratios, can be grown by using various techniques, e.g. chemical vapor deposition (CVD) [18, 19] , plasma nitridation [20, 21] , and physical vapor deposition (PVD) by laser ablation [22] , and specially magnetron sputtering [23, 24] . Compared with CVD, the major advantage of magnetron sputtering of SiO x N y is the elimination of the hydrogen incorporation as there are no hydrogencontaining precursors involved. Additionally, magnetron sputtering can flexibly yet reliably control the microstructure and stoichiometry of SiO x N y films to tune the mechanical and optical properties of the films [16] .
Studies of bulk oxynitride glasses in the M-Si-O-N (Where M = Mg, Ca, Sr, Ba) have shown that many physical properties (hardness, elastic moduli, glass transition and crystallization temperatures, refractive index, corrosion resistance etc) improve markedly with increasing incorporation of nitrogen [25] [26] [27] [28] [29] . The property changes are due to an increased connectivity of the glass network, caused by the presence of three-coordinated N atoms in the matrix. It is, however, clear that the properties not only depend on the N concentration but also depend on the type of modifier element and its concentration. We anticipated that the above properties can be achieved by the deposition of thin film of Mg-Si-O-N onto the float glass surfaces. The substrates used were commercial soda-lime silicate float glass, silica wafers and sapphire.
The thickness of float-glass substrate is 4 mm, while silica wafers and sapphire have thickness of 1 mm and 0.5 mm, respectively. For experiments, individual pieces of 10 mm × 10 mm were prepared. Prior to deposition the substrates were ultrasonically cleaned for successive five minute treatments in trichloroethylene, acetone, and ethanol, then blow dried in N 2 prior to introducing them in the growth chamber through a load-lock system.
Reactive sputter deposition from silicon (purity 99.99 %) and magnesium (purity 99.95 %) targets having 50 mm diameter and 6.5 mm thickness (from Plasmaterials, Inc.) was performed in a ultra-high vacuum (UHV) deposition system described elsewhere [30, 31] Mechanical properties, i.e., hardness H and reduced elastic modulus Eᵣ, of the thin films were measured by nano-indentation using a Triboindenter Ti 950 instrument from Hysitron. A standard Berkovich diamond tip at 1 mN load was used, with penetration depth in all cases lower than 10% of the film thickness. The Berkovich diamond tip was calibrated on a fusedsilica sample and each sample was measured twelve times to get a statistically valid average value. Hardness (H) and elastic modulus (E r ) were calculated by the method of Oliver and Pharr using the unloading elastic part of the load-displacement curve [33] .
Mueller matrix spectroscopic ellipsometry (MMSE) was used to study the refractive index n r of the films. The measurements were performed by using a Mueller matrix ellipsometer, the RC2®, 
